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where height growth has not been suppressed by high density 
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Height growth and site 
index curves and equations for 
even-aged managed stands of 
ponderosa pine (Pinus ponderosa 
Laws.) east of the Cascade 
Range in Oregon and Washington 
were derived from stem analysis 
data from 27 plots in Oregon 
and 3 plots in Washington. 


Height growth curves 
eSuiiavomeoxpecued) hemehits wait 
different ages for stands of 
Known sare andex.! Site curves 
estimate site index of managed 
Stands where breast height age 
and total height can be determined. 
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MNS “CVSS OreOWwaClS Wwellatcl 
CSiGimateS O18 Santen a ndex ands pO- 
tential height growth for stands 
where height growth has not been 
metanded by high densa ty) Or 
related factors. They do not 
represent the average of existing 
Stands, Mie CURvesS Eee WoOSw. eos 
propriate for use in constructing 
yield tables for managed, even- 
aged stands of ponderosa pine. 


Curves are based on measure- 
ments of the tallest tree ina 
1/S5-acre plot. 
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Introduction 


This paper presents curves 
for estimating height growth and 
site index for even-aged, managed 
stands of ponderosa pine (Pinus 
ponderosa Laws.) east of the 
Cascade Range crest in Oregon 
and Washington. The curves 
represent growth potential under 
density conditions approximating 
those anticipated in managed 
Standssonr the future." athe Site 
curves are applicable to stands 
where relatively low density has 
permitted full height development 
SOQ hia elie Tse SSiesilehetyseej) = 
resents the full potential of 
the site. The data plots were 
deliberately chosen where stand 
development approximated den- 
sities believed desirable in 
managed stands, not merely the 
average of existing stands.1/ 
Therefore, the curves provide 
valid estimates of site index 
and potential height growth 
for stands where height growth 
has not been retarded by high 
density or related factors. 


Impressive acreages of 
second-growth ponderosa pine 
east of the Cascade Range are 
being precommercially thinned 
to between 150 and 300 trees 
per acre. Additional acres are 
being planted at these densities. 
The thinning is being done to 
Stimulate height and diameter 
growth so that we may grow 
usable trees in a much shorter 
time than if we allowed nature 
Coe ollow aes usualy course of 
suppression, stagnation, insect 
attack, and then indiscriminate 
MoOieealeteyeae Amite senannang.) the 
stand takes on attributes of 


—— 
au 1d, Edward R. 


— Summerfie Site 
index, height growth and productivity 
of ponderosa pine in eastern Wash- 
ington. In preparation for publication 
by the State of Washington Department 
of Natural Resources. 


what is commonly referred to as 
a managed stand or a stand that 
is being manipulated toward some 
predetermined goal. This goal 
‘HS usual yaa bangetu average 
stand diameter and height within 
some time frame. 


The most "desirable density" 
is the density at which trees 
continue growing at the pre- 
determined goal rate. As the 
stand grows older, relatively 
low density will be maintained 
by periodic thinnings to some 
basal area level or tree number-- 
average diameter combination. 


Height of the dominant or 
tallest portion of the stand is 
the one measure of growth found 
most independent of stand factors 
and, consequently, the most 
reliable for site evaluation 
(Lynch 1958). Generally speaking, 
we can conclude from the litera- 
tune tthat hereht is) not matters 
ally affected in stands that are 
not extremely overstocked or 
undexs t ocked==(Spura 09/5)2))r in! 
the Pacific Northwest, however, 
Weaver (1947), Baker (1953), 
Mowat (1953), Lynch (1958) and 
Barrett (1973) have shown that 
dense stocking of ponderosa 
pine does reduce height growth. 


Reducing the density below 
levels found in natural stands 
usually affects the height growth 
patterns shown by Meyer (1961) 
Om Normal west andse | FOmtumnate ly, 
there seems to be a rather broad 
density range in ponderosa pine 
stands where density does not 
affect height growth of the larger 
trees in the stand. This range 
appeanrseto ce alimwatham sehe den - 
sity range now used by most 
ponderosa pine managers. 


impehatsmsicudys U echosem plots 
in stands that were 100 years or 
older and contained at least 60 


trees per acre on the lower sites 
and no more than 200 trees per 
acre, on, the, hicher sites 7 a Plots 
were selected in extensive, 
homogeneous, even-aged stands, 
not in clumps of even-aged trees. 
iy did ‘this to avioade the lsellcctron 
of exceptionally fast-growing 
trees and to incorporate the 
totais standuettect) amtoy thes saite 
index and height growth system. 


As tame: proleresises.. ast. was 
be necessary for managers to 
evaluate the productive capacity 
of these newly created stands. 
They will need a method of rating 
site and a method of predicting 
the course of stand height with 
age so that they may develop 
yield tables for second-growth 
ponderosa pine in the Pacific 
Northwest.) ~ Thats) papers, a 
first step toward this goal. 
Therefore, these curves are 
most appropriately used in 
constructing yield tables for 
managed stands of ponderosa pine. 
The site curves will classify 
the growth potential of sample 
plots, and the height growth 
curves will express height 
development of even-aged stands 
attaining specified heights at 
index age. 


When Meyer's (1961) site 
index curves are used in inten- 
sively managed, even-aged stands, 
it 4S) dab fT cult) tomse le ct awhile 
Meyer refers to as "representative 
dominant and co-dominant trees." 
After trees are of merchantabile 
size, all trees often appear to 
be dominants or codominants and 
selection) can be subsect aver 
In this ssitudy,,.. 8 chose eto) ediaim— 
inate this difficulty by dealing 
with somlyesthe jtadilest eeuees sam 
the stand and densities likely 
to be found in managed stands. 


Data Collection 


Thirty W/5-aecre crrcutar 
plots were located throughout 
Oregon and parts of Washington 
(fig .c 1 jo? the pilots had? the 
following tree and stand 
characterrstrcs:: 


1. The stand was pure ponderosa 
pine 95 “to 180 years jotd ae 
breast height and even-aged 
within 10 years. 


2. ‘Selective: cwuetine "or morediney 
had not removed the tallest 
tree within “the age span of 
the existing stand. 


So The six tallese \erees fonmeuc 
plot did not contain a group 
of more than four fine annual 
rings, which would indicate 
stress during a portion of 
the *seand US Late 


4. Trees were not infected with 


mistletoe. 


Figure 1.--Distribution of ponderosa 
pine stem analysis study plots in 
Oregon and Washington. 


Seite six tallest. trees on 
cheaplot did mot exhibit 
crook in the bole which 
would indicate terminal 
damage or reduced inter- 
nodal length from recurring 
mSsect attack. 


6. The stand or plot did not 
contain large, old dead, 
or old living brush that 
suggested heavy competition 
from understory vegetation 
for the trees during the 
early part of stand develop- 
ment. The usual scattered 
understory of living brush 
and/or grass was permitted. 


Using a clinometer and 
Eapee ise tected thes sixetallest 
EGeosmper plot. “An ancrement 
core was extracted at breast 
height from each of the six 
tallest trees and also from 
some lower crown-class trees 
to be sure the stand was even 
aged within 10 years. The six 
ballest. trees per plot. were 
felled, and a section was 
removed at ground line, at 
Dreast height, and at 10-foot 
intervals above ground until 
half the total height was 
reached. The remainder of 
the tree was sectioned at 
5-foot intervals. Tree sec- 
tions were frozen to prevent 
molding. Rings were counted 
on all sections and recorded 
for the appropriate height. 


The data base consists of 
3,500 sections from 177 trees 
at 30 plot locations in Oregon 
aGewashaneton (figs 1). - Site 
indices ranged from a high of 
145 to a low of 72 at breast- 
high age of 100 years: 


Site index 


Number of plots 


6 72-89 
12 90-109 

9 POS Z9 

5 130-145 


The number of trees on sample 
stands ranged from a low of 52 
per acre to a maximum of 152 on 
Somenotethey better, sites: 


Results 


The methodology used in 
developing these curves includes 
the recent improvements in curve 
construction suggested by Curtis 
eteale, (974) and Dahms (2975): 
This methodology is described in 
the appendix for the reader who 
may wish to construct his own 
curves. Poor estimates of site, 
however, often result from a lack 
of adherence to the principles on 
which the index system was founded. 
Some understanding of how curves 
were constructed leads to an ap- 
preciation of how they should be 
useds  s bhereLore.mtherappendax 
section on curve construction is 
recommended reading for even the 
Gecastonal User OL a Curves OF 
equation. 


Height-over-age relationships 
for all plots were consistent and 
reasonably smooth between the ages 
On 20 mand SUM years NOE: many, 
plots were found that qualified 
under the constraints of plot 
selection beyond 130 years. Under 
age 20, some curves were erratic; 
but smoothness improved markedly 
after age 20 and was consistent 
thereat ter: 


ESTIMATING THE AVERAGE COURSE OF 


HEIGHT GROWTH FOR STANDS OF 
A GIVEN SITE QUALITY 


Height growth curves define 
the average pattern of height 
development on stands of a given 
Site quality. They are appro- 
priately used for constructing 
yield tables but do not provide 
optimum estimates of site index 
from measured height and age in 
annex stine Stand (Curtas eb al. 
LOA 


180 
The following are alternatives 
for estimating the anticipated 
height of the tallest trees of a 160 
stand on land of known site index: 
140 
Is WSS seine, Zo scOie iO wieln EnSILGl 
estimates. 
120 
Zn. SOE <a) moe. precise eseimate. 
table 1 can be used to solve ane 
the equation, 


80 


howalhedcihit: == 4a Summee tt — 
al +b? (Sitter indexe= 45 treet). 


TOTAL HEIGHT (feet) 


3. The equation shown in the o 


appendix will be useful for 

those wishing to program the 40 
estimating procedure in a 
computer. 


ESTIMATING SITE INDEX 


20 


Site index cunvesme hatesco 
the productivity potential of land. 
They give the estimated height of 
the tallest tree at 100 years ain 
relation to its height and breast- 
high age. Many of the same plot ng 
qualifications used in the study ee 
are applicable in selecting plots Northwest. Heights represent the 
for estimating site index. The SOS 5 S2SSS 2G SAS Secine 
following steps and precautions 
are recommended for estimating the 
Site index of a managed stand. 


Oo 20 40 60 80 100 120 140 
BREAST-HIGH AGE (years) 


Figure 2.--Height growth curves for 
Managed, even-aged stands of 


7 s 3 eee ° Vf os 5. . site es a9 - er = 
Table 1--Values for a and b by years for the family of regressions=| for estimating height of the tallest trees in a newly established stand 


of ponderosa pine where site index and age are know 


Years between decades 


28 54¥] ©) 5/735 3590 35035 569° —5.527 580 
40 -5.412 e591, 5.292 -601 -5.167 -611 -5.037 ~621 -4.905 -631 -4.769 -640 —-4.631 -649 —4&.49] 659 —-4.350 668 -&.209 677 
50 -4.066 -685 -3.924 =6945  =35 781 702 -3.639 ~vdd! 35499 719 =-3.359 -727 =-3.220 735 -3.083 743° ~—2.948 750 -2.815 758 
60 -2.684 -766 =2.555 -(73 + ==2.429 -780 -2.305 -787 -2.184 -794 —-2.066 ~80R) =1.951 -808 -1.838 -815  —1.729 822 —1.623 828 
70 -1.520 -835  —-1.420 841 -1.324 -848 -1.230 -854 —1.141 -860 -1.054 - 867 ae yal -873 —.892 -879 —.816 -885 = TLS) - 890 
80 -.674 -896 -.608 -902 -.546 -908 -.487 -913 -.431 -919 -.379 -924 -.331 - 930 —.285 -935 —.244 ~940 —.205 ~946 
30 -.170 -951 -.138 -956 -.109 -961 —.084 +966 —.062 -971 -—.043 -976 =.027 -981 —.014 -986 -.005 -991 -062 -995 
100 -005 1.000 -006 1.005 004 1.009 -.002 1.014 -.010 1.018 —.021 1.023 -.034 1.027 =.052 1.032 =.070 1.036 —.092 1.040 
110 -.-116 1.045 -.143 1.049 =.173) 1-053 -.205 1.057 -.239 1.061 -.276 1.065 —.316 1.069 -.357 1.073 -.401 1.077 —.447 1.081 
120 -.-496 1.085 -.547 1.089 =" 9990 L.098 -.654 1.097 —.711 1.100 -.770 1.104 -.831 1.108 —.894 1.112 —.958 1.115 —1.025 1.119 
L300) —1 0930 ei 22 

1/ 


— Height at a future date of the tallest portion of a young stand may be estimated on land of known site index by selecting a and b values for the 
appropriate breast-high age from the table. Substitute a and b values in the equation (HT - 4.5 feet) = a + b(SI - 4.5) for the particular bresst-high 
age wanted. For example, for the height of the tallest trees in the stand at breast-high age 80 on land with a known site index of 100, solve the equation, 
HT - 4.5 = -0.674 + 0.896(100 - 4.5), for a total height of 89.4 feet. 
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SITE INDEX 


140 


12 


oO 


10 


o) 


8 


co) 


70 


Select a suitable plot with TE Sticact Hine Rements Ones = GOm 
the following characteristics: Bhemehnee= calikesitemtrees som 


(a) 
(b) 


(Ue) 


(d) 


(e) 


Establish boundaries of a 
cirewbarely/ Ss -acre) plot. 


Measure height of the tallest 


‘ehiem plot stom Ob taimiran save i - 


even-aged within 10 years, age breast-high stand age. 


no disease symptoms that 5. From breast-high age and total 
would affect height, height, estimate the site 
index by one or more of the 


no fine ring groups to in- following alternatives. 


dicate growth suppression, 

‘ (ay Usie faloune Seton Tough 
internodal lengths con- field estimates. 
sustente on taller tree's, 


(1d), Rie 2 MORE jOrOCisSS Siete 
mate, table 2 can be used 
CO SOINWVE Chie CCWAieom, 


no remnant understory 
vegetation that would 
indicate competition : f 
during early part of Site index ‘ 4.5 feet = 

the stand's life. a Si) s(nowgne = 455 GOO). 


(c) The equation shown in the 
appendix will be useful 
for those wishing to 
program the estimating 


ERES ON AIS jolkores procedure in a computer. 


Poster ne HIGH AGE (years) 
40 50 60 70 8090100 130 


Va 


20 40 60 80 100 120 140 160 


TOTAL HEIGHT OF THE TALLEST TREE 
IN A 1/5 -ACRE PLOT (feet) 


Figure 3.--Site index curves for even-aged, managed stands of 
ponderosa pine in the Pacific Northwest. 


Table 2--Values for a and b by years for the family of neon aa! for estimating site index for ponderosa pine in the Pacific Northwest 


Years between decades 


20 56.947 1.564 55.378 1.541 53.835 1.520 52.318 1.501 50.828 1.483 49.365 1.466 47.929 1.450 46.519 1.435 45.135 1.421 43.778 1.408 
30 42.447 1.395 41.143 1.383 39.864 1.372 38.611 1.361 37.384 1.351 36.182 1.341 35.005 1.331 33.854 1.322 32.727 1.313 31.624 1.305 
40 30.546 1.297 29.492 1.289 28.461 1.281 27.454 1.273 26.470 1.266 25.510 1.259 24.571 1.252 23.655 1.245 22.762 1.239 21.890 1.232 
50 21.039 1.226 20.210 1.220 19.402 1.214 18.615 1.208 17.847 1.202 17.100 1.196 16.373 1.191 15.665 1.185 14.977 1.180 14.307 1.175 
60 13.656 1.170 13.024 1.164 12.410 1.159 11.813 1.154 11.234 1.149 10.673 1.145 10.128 1.140 9.600 1.135 9.089 1.130 8.594 1.126 
70 8.114 1.121 7.651 1.117 7.203 1.112 6.770 1.108 6.353 1.103 5.949 1.099 5.561 1.095 5.186 1.090 4.826 1.086 4.479 1.082 
80 4.146 1.078 3.827 1.074 3.520 1.069 3.226 1.065 2.945 1.061 2.676 1.057 2.419 1.053 2.175 1.049 1.942 1.045 1.720 1.042 
90 1.510 1.038 1.312 1.034 1.124 1.030 -947 1.026 -781 1.022 625 1.019 -479 1.015 -343 1.011 -217 1.007 -101 1.004 
100 -.005 1.000 —.103 996 Spiltyt 993 -.270 -989 -.340 -985 -.402 -982 -.455 -978 -—.500 975 -.536 -971 -.565 - 968 
110 -.585 964 -.598 +960 -.603 957 -.601 953 29: 950 -.574 947 -.550 -943 = ele) 940 —.481 - 936 =. 437 - 933 
120 -.386 929 -.328 926 —.264 -922 -.194 919 -.118 -916 -.036 -912 -052 -909 ~146 906 ~245 -902 -350 -899 
130 +460 -896 
1/, 


—To estimate site index, measure total height of the tallest tree per 1/5-acre plot. Determine average breast-high stand age from at least three of 
the tallest trees per plot. Select appropriate a and b value above. Substitute values in the equation (SI —- 4.5 feet) = a + b(HT - 4.5). For example, for 
a tree 53 years old at breast height and 60 feet in total height, solve the equation, SI - 4.5 = 18.615 + 1.208(60 - 4.5), for a site index of 90. 


Application 


Imschas study. Sa tesamndexces 
a number representing the height 
OL the wtallest. Eree one am liy/io- 
acre plot ata breast-high age of 
HOO years. iolncens eeu hasmpee:n 
found to be closely correlated 
with volume, site (as discussed 
here) will later be used ina yield 
study to categorize volume pro- 
ductivity potentials of managed 
stands of ponderosa pine. Past 
experience has shown that height 
objectively, ret leects ssi te. wheme 
Stands are not overstocked or 
understocked. Managed stands, 
in Contrast to natural stands. 
probably will not be overstocked 
to the point of substantially 
affecting height growth. There- 
fore, use of these curves should 
be restricted to managed stands 
where height growth competition 
between trees has been held to a 
minimum. 


Typical examples of when the 
curves should not be used are: 


cating a high initial density 
and 


plantations with large numbers 
of trees and thinned long after 
competition between trees 
occurred: 


These curves may have limited 
field application for some time 
because there is only a limited 
amount of land under intensive 


management that fits the constraints 


Of: the curves. Greatest {use asia 
forecasting future stand perform- 
ance inastand growth simulator. 


One should note, however, that these 


CULVES  FEOpEeSene the talles piencece 
Stand projections should assign 
appropriate lesser heights to 
EhewoOther trees. 


Reliability of the curves can 


be partially judged by the r2 values 


and the standard errors of estimate 
shown in the appendix. Also, one 
may judge equation fit from figures 
8 and 9 in the appendix. A por- 
tion of the data from 20 plots 
was destroyed in the Bend Silvi- 


1. precommercially thinned culture Daboratony Gige, of 
Stands showing atight core Januany 5.419.742" ft thas data 
Oe IIb NGS S had been available, an annual 
comparison of actual and predicted 
2. commercially thinned stands values could have been made, 
with numerous stumps indi- Similar to that made by Johnson 
and Worthington (1963). 
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Appendix 
CONSTRUCTION OF SITE INDEX AND HEIGHT GROWTH CURVES 4 


The following steps were used in constructing the site index 
curves: 


i! 


1. Average breast-high stand age for each plot was calculated from 
the six felled trees.  Dotal height was plotted over breaset- 
high age. The six trees were plotted on the same graph. Height 
of the tree that was tallest _at a specific age to 130 years was 
read from the exraph. Shifts2/ in relative hereht Sama Var To 
those reported by Dahms (1963) were found in 90 percent of the 
plots. Site index was read from the graph of the tallest tree 
at breast high wage or H00s yearns. 


25 IU IDAISS SCWelielOm sc@icm LS 
SiS AS 86 Sel sp iy (slit = “5 steer) 2 


where, HT = total height and 
Sls saice vamndexr 


Linear regressions of this formwere calculated for each decade 
starting with 10 years and ending with 130 years. Following is 
a list of these regressions: 


Standard 

Breast-high Site Total error Of Number of 
age (years) index (SI) a b height (HT) _r estimate observations 

10 =4.5 = 69.8003 + 1.9825 -4.5 0.23 15.8 30 

20 =4.5 = SLochlils) sp eG -4.5 -50 1257 30 

30 -4.5 =) 4369407 9 al 3845 -4.5 .64 10.8 30 

40 -4.5 =) 35/2987) le 269 -4.5 74 QP 30 

50 -4.5 = 23.5422 + 1.1966 -4.5 83 os 30 

60 -4.5 = Ge SOR lias 22. -4.5 -90 5 7/ 30 

70 -4.5 = 10.0630 + 1.0986 -4.5 .94 4.3 30 

80 -4.5 = Soll sp oO 7/il7/ =—4.5 597) 3)5 Il 30 

90 -4.5 = 13892) ce 10456 -4.5 .99 2.0 30 

100 -4.5 = 0.0000 + 1.0000 -4.5 1.00 0.0 30 

110 -4.5 = 3.4683 + 0.9164 -4.5 99 2: 28 

120 -4.5 = 5.52113) 08598 -4.5 -99 1.8 25 

130 -4.5 = 1.0876 + 0.8848 -4.5 .98 2.0 1l 


ay The methodology developed by Dahms (1975) was used to derive the site 
index and height growth equations. The methodology is repeated here so the 
reader may judge the quality of various relationships. In addition, equation 
derivation is explained for those who wish to use this method to construct 
their own curves. 


3/ For example, the tallest tree in the stand at age 50 may not be the 
tallest at age 80. 


The above decadal estimates of b were smoothed over age (fig. 
MD ebyasches equatvont: 


b = 1.198632 - 0.0028307A + 8.4441 (GLe/PAY i 


where, A = breast high age 


hese sud tine b values are those EHO OSZAIeMIONG sin Teevloulle Ze 


O 20 40 60 80 100 120 140 


BREAST-HIGH AGE (years) 


Figure 4.--b values in the equation SI - 4.5 feet = a+b (HT - 4.5 feet) as a 
function of age. X = actual b values. Solid line is curve expressed by the 
equation, b = 1.198632 - 0.0028307 age + 8.44441 (1/A). 


The following equation, expressing decadal mean heights as a 
function of age, was conditioned to pass through mean site 
imdex’ (Sl) LOOES (E24), 5) aie OO syeehes. (Gesive 5) 


Mp su ake 
lait oe AS Se WAR. 8OS li e 90169594 


At ages beyond 100 years the sample became progressively 
smaller and mean site index was slightly different. Heights 
WEGeEMAGmUStedutOn ene mean Overall, site andex™ before fitting 
the BhyeragGe Ineuglie Chae e 


So Silmes EhWeireyyS lavoro HT , from years 10 through 130 was known 
asmviciuleas Slope Dot Geeressions for each year, the corre- 
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Figure 5.--Average height of sectioned trees as a function of breast-high 
age. X = average height. Solid line is curve expressed by equation 


A 1.23114 
HT - 4.5 feet = 128.895 [ 5 CE? BEE 


sponding, antereepe ay coulid be calculated iby Subse Emery 
the following wan’ the baste sequataonvofastepae.: 


Sat 5 eae) (Ee ee Aeesy 

therefonmes) ay= G0 1485s abe as) 
The resulting a values are those shown in table 2. 

6. Substituting a, b, and HT in the basic equation of step 2 
gives the final equation used to estimate site index as a 
function of age and height (fig. 3). 

SI - 4.5 = 100.43 - [1.198632 - 0.00283073 age + 8.44441 /age] 


ee a 


.|128.8952205 ee que URES) Ee + | (1.198632 , 


0.00283073 age + 8.44441 /age)- (HT - 4.5) 


Construction of the height growth curves was similar. Since 
we are now interested in attainable height when age and site index 
are known, the basic equation is reversed from the previous example 
where site index was estimated and we now have 


10 


[le ae ale iby (Sim dei). 


iheedata, accumulated in step 1 of Site index curve construction 
is used for constructing height growth curves. 


Linear regressions of this form were calculated for each 
decade starting with 10 and ending with 130 years. Fol- 
lowing is a list of these regressions: 


Standard 

Breast-high Total Site error of Number of 
age (years) height (HT) a b index (SI) _r_ estimate observations 

10 -4.5 =) 3.80038 Oral 162 -4.5 23 3.8 30 

20 -4.5 Ss Sls Sly + 0.2974 -4.5 .50 oS 30 

30 -4.5 = -5.5801 + 0.4637 -4.5 .64 6.2 30 

40 -4.5 = -7.2401 + 0.6008 -4.5 74 6.5 30 

50 -4.5 = -5.7960 + 0.6976 -4.5 103 5.6 30 

60 -4.5 = -5.5043 + 0.7960 -4.5 -90 AT) 30 

70 -4.5 = -3.9442 + 0.8583 -4.5 294 3.8 30 

80 -4.5 = -1.9355 + 0.9046 -4.5 a7 De®) 30 

90 -4.5 = -0.1844 + 0.9450 -4.5 299 9 30 

100 -4.5 = 0.0000 + 1.0000 -4.5 00 0.0 30 

110 -4.5 = -3.2803 + 1.0861 -4.5 99 3 28 

120 -4.5 = -5.1488 + 1.1500 -4.5 =99 Drea 25 

130 -4.5 = 0.4011 ap dba dbabilak -4.5 98 Pay 11 


The above decadal estimates of b were smoothed over age 
(fig. 6) by the equation, 


A OF S022 
b = -0.7864 + 2.49717 F - 70. 00450828 | 
The resulting b Values sare wehosesappearanic jin sabslies ay. 


The same expression for decadal mean height used in deter- 
mining site index was used again. 


-79-0169598 | 1.23114 


Fpl eo 112816, 915 F 


Substituting mean site index SI = 100.43 in the basic 
equation: 


HNeRAeGle aver h (ST) 4,5): 
therefore, eH ead sS 8h (Sie = A 5))8 


The resulting a values are those shown in’ table 1. 
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Figure 6.--b values in the equation HT - 4.5 feet = a+tb 
(SI - 4.5 feet) as a function of age. X = actual b value. 
Solid line is curve expressed by the equation 


0.33022 
b = -0.7864 + 2.49717 F = OLS Age 


A 


QZ “SUS tes wwre dias a, by and: HT im the basacsequactxvon Wh) sa — 


a+b (SI - 4.5) gives the final equation used to estimate 
height as a function of age and site index as shown in 
figure 2. 


0.016959 age | paeeees 
(2 


Hi e= 4e5)= | 128. 8952205 [a 


0.33022 
| [-0. 7864 + 2.49717 fi eee ae age | }-[200.43] |. 


0.33022 
[| -0. 7864 + 2.49717 E stigpee OE age }-[sx ; 4.5]. 


A graphic comparison between site index and the height 
growth curves is shown in figure 7. 


The final estimating equations for both site and height 
fit the basic data regression points well. Some deviations 
occurred at sites and ages above 100 (figs. 8 and 9). 
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Figure 7.--Site index (solid lines) and ae 
height growth curves (dashed lines) Ef 
for even-aged managed stands of ig 
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Figure 8.--Site index curves for managed 
even-aged stands of ponderosa pine in 
the Pacific Northwest. Solid lines 
connect decadal points derived from 
the unsmoothed basic data regressions 
of SI- 4.5=a+t+b(HT-4.5). Dashed 
lines represent smooth curves from 
the estimating equations. 
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Figure 9.--Height growth curves for 
managed even-aged stands of ponderosa 
pine in the Pacific Northwest. Solid 
lines connect decadal points derived 
from the unsmoothed basic data regres- 
sions of HT - 4.5 =a + b(STI - 4.5). 
Dashed lines represent smooth curves 
from the estimating equations. 
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The mission of the PACIFIC NORTHWEST FOREST 
AND RANGE EXPERIMENT STATION is to provide the 
knowledge, technology, and alternatives for present and 
future protection, management, and use of forest, range, and 
related environments. 

Within this overall mission, the Station conducts and 
stimulates research to facilitate and to accelerate progress 
toward the following goals: 

1. Providing safe and efficient technology for inventory, 

protection, and use of resources. 

2. Developing and evaluating alternative methods and 

levels of resource management. 


3. Achieving optimum sustained resource productivity 
consistent with maintaining a high quality forest 
environment. 


The area of research encompasses Oregon, Washington, 
Alaska, and, in some cases, California, Hawaii, the Western 
States, and the Nation. Results of the research are made 
available promptly. Project headquarters are at: 


Fairbanks, Alaska Portland, Oregon 
Juneau, Alaska Olympia, Washington 
Bend, Oregon Seattle, Washington 
Corvallis, Oregon Wenatchee, Washington 
La Grande, Oregon 


Mailing address: Pacific Northwest Forest and Range 
Experiment Station 
P.O, Box 3141 
Portland, Oregon 97208 
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